[Abstract] This protocol describes the measurement of hydrogen peroxide (H2O2) content in Arabidopsis root tissue by using the Amplex ® Red Hydrogen Peroxide/Peroxidase Assay Kit. When root tissue is disrupted and resuspended in phosphate buffer, H2O2 is released from the cells. The obtained root extracts containing H2O2 can be mixed with a solution containing Amplex ® Red reagent (10-acetyl-3,7-dihydrophenoxazine). In the presence of horseradish peroxidase, the Amplex ® Red reagent reacts with H2O2 in a 1:1 stoichiometry. The resulting product is the red-fluorescent compound resorufin which can be detected fluorometrically or spectrophotometrically. Our protocol is based on the manual of the Amplex ® Red Hydrogen Peroxide/Peroxidase Assay Kit and describes a step-by-step procedure with a detailed description of the necessary controls and data analysis. We have also included modifications of the protocol, notes and examples that intend to aid the user in easily reproducing the assay with their own samples.
A. Plant extract preparation for H2O2 content measurement 1. Grow Arabidopsis plants to the desired age under the desired growth conditions. a. In our case, Arabidopsis seeds were surface sterilized as described previously (Lingam et al., 2011) . The seeds were incubated for 8 min in sterilization solution (see Recipes) at room temperature on a tube rotator and subsequently washed five times with sterile distilled water.
After the fifth wash, the seeds were stored in 0.1% plant agar for 1-2 days in the dark at 4 °C for stratification. Figure 2 ). Roots were separated from the shoot directly on the agar plate on which the plants were growing (in order to avoid drying of the roots) and quickly collected into a bunch. The bunch of roots was then very briefly (for a second) and gently laid on a Kimtech precision paper to remove excess moisture before freezing it in liquid nitrogen.
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www.bio-protocol.org/e1999 mg powder add 100 µl of phosphate buffer. In order to avoid plant material loss due to sticking to pipet tips we do not resuspend the powder by pipetting up and down. Rather, we let the samples on ice, with the added buffer, for not more than a minute under the powder is well soaked. Afterwards, we flip the microcentrifuge tubes until the suspension appears homogenous.
Note: The minimal amount of root powder that we have been able to use successfully has been
15 mg, which in our growth conditions corresponded to approx. 25 10-day-old seedlings.
5. Centrifuge for 3 min at 16,200 x g (corresponds to 13,000 rpm in the centrifuge suggested in Equipment), 4 °C. Transfer the supernatant to a new pre-cooled microcentrifuge tube. This is the sample that will be used for the H2O2 assay (see Figure 3A for an example of sample identity).
Keep the samples on ice and proceed, at best, immediately with the H2O2 measurement. We do not have data on how stable the H2O2 in the obtained extracts is. Figure 3C ). 5. Prepare a working solution of 100 µM Amplex ® Red reagent and 0.2 U/ml horseradish peroxidase using the solutions from step B1 (see Table 1 ), in a light-protected tube (e.g., wrapped in aluminum foil). 
Data analysis
We suggest to perform the H2O2 measurement on samples from three biological repetitions with two technical replicates each. Here, a technical replicate means two independent enzymatic reactions using the same control, standard or root extract.
An example of raw data, H2O2 standard curve and data analysis representation for a fluorescence measurement on root H2O2 extracts from 10 day-old seedlings is shown in Figure 5 .
A. Calculations based on fluorescence measurements 11. Use the mean H2O2 content and standard deviation from step A10 for the final presentation of the data (see Figure 5C for an example). 2. Another source of variability comes from the root weight measurement. Here, it is very important to collect and freeze roots that are equally dried on paper before grinding them and determining their weight (as described in 'Procedure' section A1b).
www.bio-protocol.org/e1999 section, weigh the roots in a microcentrifuge tube, record the exact weight (e.g., ~30 mg) and grind the roots with the tissue homogenizer. Then, add the corresponding amount of ice-cold phosphate buffer, resuspend and centrifuge, as described under 'Procedure', steps A4 and A5.
4. Since the assay is continuous, care should be taken to minimize the time difference between the first and last sample when pipetting the working solution to the samples, standards and negative controls (as described in 'Procedure' B6).Our preferred way is to use a multi-channel pipet when adding the working solution. In this way, the pipetting and measuring times are very similar (since the microtiter plate reader that we are using is measuring well by well).
5. Often using the fluorescence measurement for calculating the H2O2 content gives less variation between the replicates, resulting in lower standard deviations and clearer differences between the different genotypes and growth conditions. However, it is advisable each time to measure both fluorescence and absorbance. 
